Stress can either enhance or suppress immune functions depending on a variety of factors such as duration of stressful condition. Chronic stress has been demonstrated to exert a significant suppressive effect on immune function. However, the mechanisms responsible for this phenomenon remain to be elucidated. Here, male C57BL/6 mice were placed in a 50-ml conical centrifuge tube with multiple punctures to establish a chronic restraint stress model. Serum IL-10 levels, IL-10 production by the splenocytes, and activation of STAT3 in the mouse spleen were assessed. We demonstrate that IL-10/STAT3 axis was remarkably activated following chronic stress. Moreover, TLR4 and p38 MAPK play a pivotal role in the activation of IL-10/STAT3 signaling cascade. Interestingly, blocking antibody against IL-10 receptor and inhibition of STAT3 by STAT3 inhibitor S3I-201 attenuates stress-induced lymphocyte apoptosis. Inhibition of IL-10/STAT3 dramatically inhibits stress-induced reduction in IL-12 production. Furthermore, disequilibrium of Th1/Th2 cytokine balance caused by chronic stress was also rescued by blocking IL-10/ STAT3 axis. These results yield insight into a new mechanism by which chronic stress regulates immune functions. IL-10/STAT3 pathway provides a novel relevant target for the manipulation of chronic stressinduced immune suppression.
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Introduction
Stress, a common life event, has been implicated as a risk factor for the onsets of immune suppression, cardiovascular diseases, functional syndromes, tumors and mood disorders (Cohen et al., 2007; Gu et al., 2012; Lamkin et al., 2012; Lucini and Pagani, 2011) . The strong regulatory effects of stress on immune system have been demonstrated by accumulating evidence and suggested to play a central role in the pathogenesis of stress-related diseases (Dragos and Tanasescu, 2010; Kiecolt-Glaser et al., 2002; Reiche et al., 2004) . In contrast to acute stress, chronic stress induces a suppressive effect on the bodily defense system (Dragos and Tanasescu, 2010). Our previous studies have shown that reduction of splenocyte numbers occurs in chronic restraint stress (Yin et al., 2000; Zhang et al., 2008) . A recent study indicates that increased number and function of regulatory T cells also contribute to the immune suppression caused by chronic stress (Kim et al., 2012) .
It has been reported that the level of signal transducer and activator of transcription 3 (STAT3) is increased in the mouse liver following immobilization (Hernandez et al., 2000) . However, whether STAT3 contributes to stress-induced immune suppression is not known yet.
TLR-mediated signaling pathways play pivotal roles both in the innate and adaptive immune responses. Upon ligand recognition, TLRs, including TLR4, trigger multiple downstream pathways such as NF-jB and MAPKs, which subsequently combine to regulate the production of cytokines including TNF-a, IL-12 and IL-6 (Takeuchi and Akira, 2010). However, excessive inflammatory responses result in tissue damage. To avoid this, the secretion of IL-10 is also induced by the above signals and then IL-10 mediates a negative feedback loop which keeps pro-inflammatory cytokine production under control (Bode et al., 2012; Kim et al., 2008; Liew et al., 2005; Park et al., 2005) .
IL-10, a well-known anti-inflammatory cytokine, is produced by a range of cells such as T cells, B cells, macrophages and dendritic cells (DCs). Its expression is regulated by multiple signaling molecules, including p38 MAPK and ERK (Saraiva and O'Garra, 2010) . The main biological function of IL-10 appears to block the production of inflammatory mediators especially in response to TLR signals (Murray, 2006) . Though IL-10 is essential for limiting host 0889-1591/$ -see front matter Ó 2013 Elsevier Inc. All rights reserved. http://dx.doi.org/10.1016/j.bbi.2013.10.016
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